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OVIRAL GENE THERAPY VECTORS AND THERAPEUTIC 
METHODS BASED THEREON 

CROSS-REFERENCE TO RELATED APPLICATIONS 

This application is a continuation-in-part of co- 
owned and co-pending United States application 
07/786,015, and filed October 31, 1991, which is a 
continuation-in-part of co-owned and co-pending United ^/ J 
States application 07/607,252, filed October 31, 199 ^/ 
and which is a cont^mi^^^n^n-part of co-owned United 
States application -07/131/926; filed December 11, 
1987, now abandoned, each of which applications are 
hereby incorporated by reference herein. 

1 . INTRODUCTION 

The present invention is directed to gene therapy 
vectors and methods, and provides a family of novel 
recombinant retroviral vectors capable of efficiently 
transferring any gene of interest into a wide range of 
mammalian target cells. Cells transduced with the 
recombinant retroviral vectors of the invention are 
capable of expressing high levels of a desired gene 
product for long periods of time. Thus, such 
transduced cells may be useful in the treatment of a 
wide variety of diseases wherein permanently 
augmenting or adding the production of a given protein 
or other polypeptide is therapeutically desirable. 
Preferred vectors of the invention lacking selectable 
markers are described, and are particularly useful for 
somatic cell gene therapy in the treatment of diseases 
wherein the co-production of marker gene products, 
such as antibiotics, would be undesirable or 
unacceptable. 



35 
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2. BACKGROUND OF THE INVENTION 

Numerous methods exist for genetically 
engineering mammalian cells. There is great interest 
in genetically engineering mammalian cells for several 
5 reasons including the need to produce large quantities 
of various polypeptides and the need to correct 
various genetic defects in the cells. The methods 
differed dramatically from one another with respect to 
such factors as efficiency, level of expression of 

10 foreign genes, and the efficiency of the entire 
genetic engineering process. 

One method of genetically engineering mammalian 
cells that has proven to be particularly useful is by 
means of retroviral vectors. Retrovirus vectors and 

15 their uses are described in many publications 

including Mann, et al. , Cell 33:153-159 (1983) and 
Cone and Mulligan, Proc. Natl. Acad. Sci. USA 81:6349- 
6353 (1984) . Retroviral vectors are produced by 
genetically manipulating retroviruses. 

2 0 Retroviruses are RNA viruses; that is, the viral 

genome is RNA. This genomic RNA is, however, reverse 
transcribed into a DNA copy which is integrated stably 
and efficiently into the chromosomal DNA of transduced 
cells. This stably integrated DNA copy is referred to 

2 5 as a provirus and is inherited by daughter cells as 

any other gene. As shown in Figure 1, the wild type 
retroviral genome and the proviral DNA have three Psi 
genes: the crag , the pol and the env genes, which are 
flanked by two long terminal repeat (LTR) sequences. 

3 0 The gag gene encodes the internal structural 

(nucleocapsid) proteins; the pol gene encodes the RNA 
directed DNA polymerase (reverse transcriptase) ; and 
the env gene encodes viral envelope glycoproteins. 
The 5' and 3' LTRs serve to promote transcription and 
35 polyadenylation of virion RNAS. 
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Adjacent to the 5' LTR are sequences necessary 
for reverse transcription of the genome (the tRNA 
primer binding site) and for efficient encapsidation 
of viral RNA into particles (the Psi site) . Mulligan, 
5 R.C., In: Experimental Manipulation of Gene 

Expression , M. Inouye (ed) , 155-173 (1983); Mann, R. , 
et al. . Cell . 33:153-159 (1983); Cone, R. D. and R.C. 
Mulligan, Proceedings of the National Academy of 
Sciences . U.S.A., 81:6349-6353 (1984). 

10 If the sequences necessary for encapsidation (or 

packaging of retroviral RNA into infectious virions) 
are missing from the viral genome, the result is a cis 
acting defect which prevents encapsidation of genomic 
RNA. However, the resulting mutant is still capable 

15 of directing the synthesis of all virion proteins. 
Mulligan and coworkers have described retroviral 
genomes from which these Psi sequences have been 
deleted, as well as cell lines containing the mutant 
genome stably integrated into the chromosome. 

20 Mulligan, R.C., In Experimental Manipulation of Gene 
Expression . M. Inouye (ed) , 155-173 (1983); Mann, 
R. , et al., Cell . 33:153-159 (1983); Cone, R.D. and 
R.C. Mulligan, Proceedings of the National Academy of 
Sciences . U.S.A., 81:6349-6353 (1984). Additional 

25 details on available retrovirus vectors and their uses 
can be found in patents and patent publications 
including European Patent Application EPA 0 178 2 20, 
U.S. Patent 4,405,712, Gilboa, Biotechniques 4:504- 
512 (1986) (which describes the N 2 retroviral vector) . 

3 0 The teachings of these patents and publications are 
incorporated herein by reference. 

Retroviral vectors are particularly useful for 
modifying mammalian cells because of the high 
efficiency with which the retroviral vectors "infect" 

35 target cells and integrate into the target cell 
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genome. Additionally, retroviral vectors are highly 
useful because the vectors may be based on 
retroviruses that are capable of infecting mammalian 
cells from a wide variety of species and tissues. 
5 The ability of retroviral vectors to insert into 

the genome of mammalian cells have made them 
particularly promising candidates for use in the 
genetic therapy of genetic diseases in humans and 
animals. Genetic therapy typically involves (1) 

10 adding new genetic material to patient cell in vivo, 
or (2) removing patient cells from the body, adding 
new genetic material to the cells and reintroducing 
them into the body, i.e., in vitro gene therapy. 
Discussions of how to perform gene therapy in a 

15 variety of cells using retroviral vectors can be 
found, for example, in U.S. Patent Nos. 4,868,116, 
issued September 19, 1989, and 4,980,286, issued 
December 25, 1990 (epithelial cells), W089/07136 
published August 10, 1989 (hepatocyte cells) , EP 

20 378,576 published July 25, 1990 (fibroblast cells), 
and WO89/05345 published June 15, 1989 and 
WO/90/06997, published June 28, 1990 (endothelial 
cells) , the disclosures of which are incorporated 
herein by reference. 

2 5 In order to be useful for the various techniques 

of gene therapy, suitable retroviral vectors require 
special characteristics that have not hitherto been 
available. A primary source of the need for these 
special requirements of the vector for use in the in 

3 0 vivo genetic manipulation of patient cells in gene 

therapy is because it is usually not feasible to use 
retroviral vectors that require a selection for 
integration of the vector into the genome of "patient" 
cells. For example, typical retroviral vectors, e.g., 
35 MSV DHFR-NEO described in Williams, et al. , Nature 
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310:476-480 (1984), use^ neomycin resistance as a 
suitable marker for detecting genetically modified 
cells. Thus, with such neomycin resistant retroviral 
vectors, patients would be required to be exposed to 
5 high levels of neomycin in order to effect genetic 
repair of cells through in vivo gene therapy. 
Moreover, in both in vivo and in vitro gene therapy it 
may be undesirable to produce the gene product of the 
marker gene in cells undergoing human gene somatic 

10 therapy. For example, there is no therapeutic reason 
to produce large levels of neomycin phosphotransferase 
in blood cells undergoing hemoglobin gene replacement 
for curing a thalassemia. Therefore, it would be 
desirable to develop retroviral vectors that integrate 

15 efficiently into the genome, express desired levels of 
the gene product of interest, and are produced in high 
titers without the coproduction or expression of 
marker products such as antibodies. 

Despite considerable progress in efforts to 

20 develop effective genetic therapies for diseases 

involving hematopoietic cells, a number of significant 
technical hurdles remain. First, while a variety of 
transduction protocols have been developed which make 
it possible to efficiently transfer genes into murine 

25 hematopoietic stem cells, it has not yet been possible 
to achieve efficient gene transfer into reconstituting 
cells of large animals. It is currently unclear to 
what extent this problem is vector related (e.g. 
insufficient titers, host range) or a consequence of a 

30 lack of knowledge regarding the optimal conditions for 
obtaining the proliferation and/or efficient 
engraftment of appropriate target cells. A second 
important technical stumbling block relates to the 
development of retroviral vectors possessing the 

35 appropriate signals for obtaining high level 
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constitutive expression of inserted genes in 
hematopoetic cells in vivo. Although a number of 
groups have demonstrated the expression of genes in 
mice reconstituted with transduced bone marrow cells, 
5 others have experienced difficulties (10-12) . 

Overall, few general principles regarding features of 
vector design important for gene expression in vivo 
have emerged. In particular, because of differences 
in vector backbones, inserted genes, viral titers, 

10 transduction protocols, and other experimental 

parameters, it has been impossible to directly compare 
the performance of different vectors and to determine 
the features of vector design which most critically 
affect gene expression in hematopoietic cells in vivo. 

15 In addition, few studies have examined the ability of 
transferred genes to be expressed for very long 
periods of time (e.g. the lifetime of the transplant 
recipients) , a clearly important goal of gene therapy 
for diseases involving hematopoietic cells. 

20 

3. SUMMARY OF THE INVENTION 

The present invention is directed to a family of 
novel retroviral vectors capable of being used in 
somatic gene therapy. The retroviral vectors of the 
25 invention include an insertion site for a gene of 

interest and are capable of expressing desired levels 
of the encoded protein in a wide variety of 
transfected cell types. 



30 a retroviral vector comprising in operable 

combination, a 5' LTR and a 3' LTR derived from a 
retrovirus of interest, and an insertion site for a 
gene of interest, and wherein at least one of the gag , 
env or pol genes in the vector are incomplete or 

35 defective. The vector preferably contains a splice 



In one aspect of the invention there is provided 
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donor site and a splice acceptor site, wherein the 
splice acceptor site is located upstream from the site 
where the gene of interest is inserted. Also, the 
vector desirably contains a gag transcriptional 
5 promoter functionally positioned such that a 

transcript of a nucleotide sequence inserted into the 
insertion site is produced, and wherein the transcript 
comprises the gag 5' untranslated region. The 
preferred vectors of the invention are lacking a 
10 selectable marker, thus, rendering them more desirable 
in human somatic gene therapy because a marker gene 
product, such as an antibiotic drug marker, will not 
be co-produced or co-expressed. 



15 vectors of the invention may be any gene which 

produces a hormone, an enzyme, a receptor or a drug(s) 
of interest. 

The retroviral vectors are most suitably used in 
combination with certain packaging cells, as herein 

2 0 defined, which in turn may be used in a wide variety 

of cell types for human or animal somatic gene 
therapy . 

A particular preferred retroviral vector of the 
invention is identified herein as "MFG" , as depicted 
25 in Figures 2c and 3, and the plasmid containing it, 

and especially the plasmid MFG having the identifying 
characteristics of ATCC No. 68,754. 

The present invention is also directed to 
retroviral vectors similar to those described above, 

3 0 but further comprising a non-LTR enhancer and the 

alpha-globin transcriptional promoter sequence in 
order to control the expression of various genes of 
interest. This aspect of the invention specifically 
provides for the use of an enhancer sequence from 
35 cytomegalovirus. Also provided are vectors in which 



The gene of interest that is incorporated in the 
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the enhancer sequence is deleted from the 3' LTR thus 
resulting in the inactivation of the 5' LTR upon 
integration of the vector into the genome. The a- 
globin promoter containing vector a-SGC is 
specifically provided, and especially that which is 
depicted in Figure 4, and the plasmid containing it, 
and especially the plasmid a-SGC having the 
identifying characteristics of ATCC No. 68,755. 

4. BRIEF DESCRIPTION OF THE FIGURES 

Figure 1 is a schematic representation of a wild 
type murine leukemia virus (retroviral) genome. 

Figure 2 is a schematic representation of 
retroviral vectors, each having a recombinant genome, 
useful in the present invention. Figure 2a is pLJ and 
Figure 2b is pEm, Figure 2c is MFG and Figure 2D is a- 
SGC. 

Figure 3 is a schematic diagram of the retroviral 
vector MFG. 

Figure 4 is a schematic diagram of the retroviral 
vector a-SGC. 

Figure 5 is a histogram showing the patency after 
implantation into dogs of synthetic grafts lined with 
endothelial cells genetically augmented to express 
TPA. 

Figure eA'is a diagram of the factor VIII 

A 

polypeptide. Figure 6b is a diagram of the factor 
VIII cDNA showing the restriction enzyme sites used in 
the various constructs to generate the retroviral 
vector. Figure 6c is a diagram of the deletion 
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derivative of the factor VIII CDNA inserted into the 
retroviral vector with the deleted region shown as 
vertical lines. Figure 6d is an expanded diagram of 
the B domain deletion between the Hind III and Pst I 
5 sites. The nucleotide sequence at the junction of the 
heavy chain and light chain is denoted above the line 
and the corresponding amino acid numbers are denoted 
below the line. 

10 Figure 7 is a diagram of the assembled final 

retroviral vector, MFG-f actor VIII. 

Figure 8 is a diagram of the a-SGC-LacZ 
recombinant retrovirus . 

15 

Figures 9(a) and 9(b) represents a schematic 
diagram of the construction of the MFG vector of the 
invention. 

2 0 Figure 10 is a schematic representation of the 

modification of the tPA gene, the oligonucleotides 
used to facilitate the modification and the insertion 
of the modified tPA gene into the MFG vector. 

25 Figure 11. Structure of retroviral vectors 

encoding human adenosine deaminase (huADA) . (A) MFG- 
derived recombinant retroviruses. The MFG vector is 
derived from Mo-MuLV. The 5' -region extends to the 
Nar I site at position 103 5 thus retaining the \p 

30 element, Mann R. et al., Cell , 33:153-159, (1983), the 
splice donor (SD) and some gag coding sequence. The 
start codon of gag has been mutated by insertion of a 
Sma I linker. The 5' fragment is linked to the Nde I 
(+5401)- Nla III (+5780) fragment that contains the 

35 splice acceptor (SA) necessary for the generation of 
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the env mRNA. A point mutation (A- C) has converted 
the Nla III site into an Nco I site encompassing the 
env initiation codon where the human ADA coding 
sequence was inserted (from Nco I +74 to Acc I +1324 
5 within the huADA cDNA (□) . Daddona, P.E., et al., J. 
Biol, Chem. 259:12101-12106, (1984). The MO-LTR/B2 
vector was constructed by ligating the 12 74 pb Hind 
III-Pvu I fragment of the PEM-ADA vector, Wilson, J.M. 
et al w Proc. Natl. Acad. Sci. USA 87:439-443, 
10 ((1990), that contains the B2 mutation (G to A at 

position +160) to the Hind III-Pvu I fragment of MFG. 



The MPSV enhancer was cloned into MFG by replacing the 
Nhe I-Sac I fragment of the 3' Mo-MuLV LTR with the 
385 bp corresponding fragment from the 3 7 MPSV-LTR 



PA) to generate the MPSV-Enh construct. The MPSVE- 
EnhB2 was analogously derived from MPSV-Enh and PEM- 
ADA constructs. In the MPSV-LTR construct the 6014 bp 
Ban II-Nhe I fragment from the pC663neoR plasmid, 
20 Ostertag, W. , et al., J. gen. Virol. 67:1361-1371, 

(1986) , has been replaced with the 2694 bp Ban II-Nhe 



I fragment from the MFG vector. To generate the Fr- 
Enh construct, the 450 bp Nhe I-Kpn I fragment of MFG 
was replaced with the corresponding Nhe I-Kpn I 
25 fragment from the pFr-SV (X) plasmid, Holland, et al. , 
Proc. Natl. Acad. Sci. . USA, 84:8662-8666, (1987). 
Mo-MuLV LTR (□) , MPSV sequences (□) Friend sequences 



30 from pHSG, bears a portion of gag and an enhancer 
deletion in the 3' LTR, Guild, et al., J. Virol. . 
62:3795-3801, (1988). In this vector, huADA 
expression is under the control of the human 
cytomegalovirus (CMV) enhancer (□) (Spel +154-itfco I 
35 +515 fragment), Boshart, M. et al., Cell , 41:521-530, 



15 



plasmid (kindly provided by P. Robbins, Pittsburgh, 




The aG-SGC vector derived 
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(1985), and a-globin promoter (□) (Pst 1 -570 -Ncol 
+37 fragment), Braelle, F.E., Cell . 12:1085-1095, 
(1977) . 

(C) DNA analysis of NIH 3T3 cells infected with 
the recombinant retroviruses: After infection of NIH 
3T3 cells under standard conditions (see Section 11.1, 
infra) , genomic DNA was digested with Nhe I and 
analyzed by Southern blot using a huADA cDNA probe. 
Each lane was loaded with 10 fig of genomic DNA. The 



copy - 



10 number of proviral^ odpy - p er cell is indicated under 
each lane as determined with the Phosphor imager . In 
the left lane, the copy control ^rreBpon^ jo 1 copy 
per cell of the Mo-LTR vector. ^ 

15 Figure 12. Analysis of human ADA expression in 

peripheral blood cells: 

(A) Analysis of hADA expression 5-7 months after 
BMT . The time at which blood samples were drawn is 
indicated in days after transplantation for each 

2 0 vector. hADA activity was measured by IEF (see 

Section 11.1., infra). The number directly above each 
sample indicates individual animals. The number of 
cells injected in ^every recipient is indicated above 
and extends from-^x 10 5 to 4.5 x 10 6 cells. The 

2 5 lower band on the gel represents the activity of the 
murine endogenous ADA (mADA) and the upper bai 

r y represents the human ADA (huADA) activity ' c &ntro l 

samples were prepared from non-transplanted mice. The 
italic numbers indicate the mice which were examined 

30 in detail in Figure 13. 

(B) Fraction of mice expressing huADA at 5-7 
months after BMT . Relative ADA activity (r) 
represents the ratio of the intensity of human to 
mouse ADA enzyme bands determined on Figure 12 A: with 

35 the computer densitometer. n x indicates the number of 
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mice in which r >1 and n 2 the number of mice in which 
1< r <l/4. N represents the total number of mice 
analyzed. 

(C) Comparison of human ADA expression in PBC 5-7 
and 12-14 months after BMT . Blood samples were drawn 
at two distant time points after transplantation as 
indicated by the arrow and analyzed for ADA activity 
as described in Figure 12 A. Individual mice are 
designated by their number (#) . Arrows indicate mADA 
and huADA activity. The relative ADA activity 
indicated under each sample is determined as the ratio 
of the intensity of the human to mouse enzyme bands. 
The percentage indicated in the first column 
represents, for each vector, the mean hADA activity 
12-14 months after BMT compared to the original 
activity (100%) measured 5-7 months after BMT. (n) 
represents the number of mice used to calculate the 
mean activity . 

Figure 13 Quantification of huADA expression in 
hematopoietic cell fractions 12-14 months after BMT. 

(A) Analysis of huADA activity in hematopoietic 
cell fractions of individual mice . The animals, 
designated by their number, were sacrificed, cell 
fractions were harvested and huADA activity determined 
by IEF in each fraction (a) . The enzymatic activity is 
reported in arbitrary units expressed per proviral 
copy per Aig total protein. "O" = no detectable huADA 
activity; "nd" = not determined. 

(B) Average human activity per proviral copy per 
ua total protein. The average huADA activity is 
presented for every recombinant vector in every 
fraction (a) . The statistical significance of the 
normalized differences of huADA activity between Mo- 
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LTR and each of the other vectors is indicated as 
described (b> . 

(C) Average proviral copy number per cell . DNA 
was isolated from each cell fraction of all animals 

5 and analyzed by the method of Southern using a huADA 
probe. For each sample, the exact copy number was 
determined using the Phosphor imager , taking as a 
reference a cell clone known to have one copy per 
cell. The average proviral copy number per cell and 
10 the statistical analyses (b> are presented for every 
recombinant vector in each cell fraction (a) ■ 

(D) Average human ADA activity per gg total 
protein. The average hADA activity was determined for 
each vector independently of the proviral copy number. 

15 The significance of the differences of hADA activity 
between Mo— LTR and each of the other vectors is 
indicated. 

(a) BM, unf ractionated bone marrow; Spleen, 
unf ractionated spleen; B Lymph, splenic B 
2 0 lyraphocytes ; T Lymph, splenic T lymphocytes; Mac, 
macrophages derived from BM. 

<b) Each bar marked with an asterisk (*) indicates 
that a distribution made of 1) pooled BM and spleen 
samples; 2) B lymphocytes; 3) T lymphocytes; 4) 
25 macrophages shows statistically significant difference 
(P<0.05) when compared to the corresponding "Mo-LTR 
distribution" (Student-Fischer's t test) . 

The number of mice (n) used to calculate the 
means ±SD is indicated under each vector and is 
30 derived from the mice analyzed in detail in Figure 
13A. 



Figure 14 provides a 
sequences for the Moloney 
35 ("MoMuLV") (SEQ ID NO:5), 



comparison of the DNA 
murine leukemia virus 
the MFG vector (SEQ ID NO: 6) 
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and the MFG-S vector (SEQ ID NO: 7). Nucleotides 3 2 0- 

643 of MoMuLV are shown at the top of each line. The 

putative CTG start codons for the cell surface gag 

protein and the ATG start codon for the cytoplasmic 

5 gag proteins are in enlarged letters. The gag open 

reading frames are denoted by underline. 'X' 

indicates that the nucleotide is unchanged, and a 

indicates that a nucleotide has been deleted. Tjie 

nucleotide substitutions which dif f erentiate is©f* and 

A 

10 MFG-S are indicated by boxing. Both MFG and MFG-S 

have a linker insertion following the ATG of the gag 
ORF which is not present in MoMuLV. 



Figure 15 illustrates the structure of the 



15 retroviral vector yJP^^ . SA=splice acceptor, 

SD=splice donor, ^packaging signal. Note that the 
figure is not drawn to scale. 



Figure 16 is a circular restriction map of the 
2 0 vector 

A 

Figure 17 is a DNA sequence of the 8045 BP vector 
MFG-S (SEQ ID NO: 7). 



25 5. DETAILED DESCRIPTION OF THE INVENTION 

The subject invention provides for several 
retroviral vectors. The retroviral vectors provided 
for contain (1) 5' and 3' LTRs derived from a 
retrovirus of interest, the preferred retrovirus 

30 source for the LTRs is the Maloney murine leukemia 
virus, and (2) an insertion site for a gene of 
interest. The retrovirus vectors of the subject 
invention do not contain either a complete gag, env , 
or pol gene, so that the retroviral vectors are 

35 incapable of independent replication in target cells. 
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Preferred retroviral vectors contain a portion of the 
gag coding sequence, preferably the partial gag coding^ 
sequence comprises a splice^'^norl^ 
acceptor site, positioned such that the partial gag 
5 sequence is located in the retroviral vector so that 
the splice acceptor site is located closest to, and 
upstream from, the insertion site for the gene of 
interest. In a particularly preferred embodiment of 
the subject vectors, the transcriptional promoter is 

10 positioned such that a transcript initiated from the 
gag promoter contains untranslated 5' gag sequence and 
transcript produced from nucleic acid sequence 
inserted into the insertion site in the vector. 
Vectors of interest preferably do not contain 

15 selectable markers. A preferred embodiment of such 
vectors is the vector designated as "MFG" . 

Another aspect of the subject invention is to 
provide for retroviral vectors lacking functional 
enhancer elements in the 3' LTR, thereby inactivating 

2 0 the 5' LTR upon integration into the genome of target 
organisms. 

Another aspect of the subject invention is to 
provide for retroviral vectors essentially as 
described above but instead of utilizing the gag 

2 5 promoter to control the expression of a gene inserted 
into the insertion site of the vector, a human alpha 
globin gene transcriptional promoter is used. The 
retroviral vector a-SGC is specifically disclosed. 
Another aspect of the subject invention is to 

30 employ enhancer sequences not located in the LTRs in 
retroviral vectors using the alpha globin 
transcriptional promoter to increase the expression of 
a gene of interest. Of particular interest are 
vectors in which the enhancer sequence is placed 

35 upstream of the alpha globin transcriptional promoter. 
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Another aspect of the subject invention is to the 
enhancer sequence derived from a cytomegalovirus in 
such non-LTR enhancer containing vectors. 

Another aspect of the subject invention is to 
5 provide for retrovirus vector constructions containing 
genes for expression inserted into the insertion site 
in the retrovirus vector. Genes for insertion into 
the subject retrovirus vectors include any of a 
variety of hormones, enzymes, receptors or other 

10 drugs. The subject invention specifically provides 
for the genetic constructions consisting of TPA and 
Factor VIII inserted (individually) into the insertion 
i.e., cloning sites of MFG and a-SGC. 

The wild type retroviral genome has been modified 

15 by Cone and Mulligan, supra for use as a vector 

capable of introducing new genes into cells. As shown 
in Figures 2, the gag, the pol and the env genes have 
all been removed and a DNA segment encoding the neo 
gene has been inserted in their place. The neo gene 

2 0 serves as a dominant selectable marker. The 
retroviral sequence which remains part of the 
recombinant genome includes the LTRS, the tRNA binding 
site and the Psi packaging site. Cepko, C. et al. . 
Cell . 37:1053-1062 (1984). 

2 5 In addition to teaching numerous retroviral 

vectors containing sites for insertion of foreign 
genes for expression, the subject invention also 
provides for genetic constructions in which the 
retroviral vectors contain genes inserted into the 

30 site for insertion i.e., foreign genes or genes for 
expression. Foreign genes for inclusion in the 
vectors of the subject invention may encode a variety 
of proteins. Proteins of interest include various 
hormones, growth factors, enzymes, lymphokines, 

35 cytokines, receptors and the like. The term "foreign 
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genes" includes nucleic acid sequences endogenous to 
cells into which the retrovirus vector containing the 
foreign gene may be inserted. Of particular interest 
for use as genes for expression are those genes 
5 encoding polypeptides either absent, produced in 

diminished quantities, or produced in mutant form in 
individuals suffering from a genetic disease. 
Additionally, it is of interest to use foreign genes 
encoding polypeptides for secretion from the target 

10 cell so as to provide for a systemic effect induced by 
the protein encoded by the foreign gene. Specific 
foreign genes of interest include those encoding 
hemoglobin, inter leukin-1, inter leukin-2 , inter leukin- 
3, inter leukin-4 , interleukin-5 , interleukin-6 , 

15 interleukin-7 , interleukin-8 , inter leukin-9 , 

interleukin-10, inter leukin-11 , etc., GM-CSF, G-CSF, 
M-CSF, human growth factor, insulin, factor VIII, 
factor IX, tPA, LDL receptors, tumor necrosis factor, 
PDGF, EGF, NGF, IL-lra, EPO, /?-globin and the like, as 

2 0 well as biologically active muteins of these proteins. 
Genes for expression for insertion into retroviral 
vectors may be from a variety of species; however, 
preferred species sources for genes of interest are 
those species into which the retroviral vector 

25 containing the foreign gene of interest is to be 
inserted. 

The retroviral vectors of the subject invention 
are typically used by transfecting the nucleic acid 
sequences into packaging cell lines. Packaging cell 

30 lines contain viral gene functions that have been 
deleted from the retrovirus in the course of 
converting it to a vector. Thus, retroviral vectors 
of the subject invention, either with or without genes 
for expre^ionjj^^ insertion 

35 site, may^ E o l fybcrj^^caging cell lines to produce 
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- tranof ooted infectious virus particles containing the 

desired genetic construction. Ideally, packaging cell 

lines are capable of producing a high titer of 

recombinant retrovirus. Preferred packaging cell 

5 lines include but are not. limited to Psi-2, Psi-Am, 

Psi-CRIP, and Psi-CRE. - Poi2 ■ is particularly preferred 

A 

for use with the retroviral vectors MFG and a-SGC 
The Psi-2 cell line described by Mulligan and 
coworkers was created by transfecting NIH 3T3 

10 endothelial cells with pMOV-Psi, which is an ecotropic 
Moloney murine leukemia virus (Mo-MuLV) clone. 
pMOV-Psi expresses all the viral gene products but 
lacks the Psi sequence, which is necessary for 
encapsidation of the viral genome. pMOV-Psi expresses 

15 an ecotropic viral envelope glycoprotein which 

recognizes a receptor present only on mouse (and 
closely related rodent) cells. 

Another cell line is the Psi-am line, which are 
Psi-2-like packaging cell lines. These Psi-am cell 

2 0 lines contain a modified pMOV-Psi-genome, in which the 
ecotropic envelope glycoprotein has been replaced with 
envelope sequences derived from the amphotropic virus 
4070A (Hartley and Rowe, 1976, Journal of Virology , 
19: 19-25) . As a result, they are useful for 

25 production of recombinant virus with amphotropic host 
range. The retrovirus used to make the Psi-am cell 
line has a very broad mammalian host range (an 
amphotropic host range) and can be used to infect 
human cells. If the recombinant genome has the Psi 

30 packaging sequence, the Psi-am cell line is capable of 
packaging recombinant retroviral genomes into 
infectious retroviral particles (Cone and Mulligan, 
1984, Proceedings of the National Academy of Sciences, 
USA , 81: 6349-6353) . 

35 Two other packaging cell lines are known as 
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Psi-CRIP and Psi-CRE. These cell lines have been 
shown to be useful to isolate clones that stably 
produce high titers of recombinant retroviruses with 
amphotropic and ecotropic host ranges, respectively. 
5 These cell lines are described in Danos and Mulligan, 
1988, Proceedings of the National Academy of Sciences, 
USA , 85: 6460-6464; and in U.S. patent application 
Serial No. 07/239,545 filed September 1, 1988. The 
teachings of the reference and the patent application 

10 are incorporated herein by reference. Psi-CRIP and 
Psi-CRE have been deposited at the American Type 
Culture Collection, Rockville, MD, under Accession 
Nos. CRL 9808 and CRL 9807, respectively, under the 
terms of the Budapest Treaty. 

15 MFG retains two intact overlapping open reading 

frames or ORFs that encode the amino terminal portion 
of both the cell surface and cytoplasmic gag-pol 
polyproteins. These ORFs provide a target region for 
recombination events with viral structural coding 

2 0 sequences present in the packaging cell line which 

could lead to the formation of replication-competent 
virus. In order to minimize this already remote 
possibility, the MFG gag ORFs can be mutagenized in 
such a way as to disrupt possible recombination 

25 events. Thus, a preferred retroviral vector of the 

invention is an MFG vector having stop codons inserted 
downstream from the initiation codons for the cell 
surface cytoplasmic gag polypeptides. A particular 
embodiment of this MFG vector, termed MFG-S, is more 

30 fully described by way of example in Section 12., 
infra . 

The subject invention also includes retroviral 
vectors that have a gene for expression inserted into 
the site for gene expression. Numerous vectors 



35 
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incorporating various genes are specifically described 
by way of example in Sections 6-12, infra. 

In a particular embodiment of the invention, 
described by way of example in Section 7, infra, MFG 
5 and a-SGC retroviral vectors carrying the gene for 
human tissue-type plasminogen activator (tPA) are 
constructed and used to efficiently transduce target 
endothelial cells and direct the sustained expression 
of high levels of tPA. In a related embodiment, 
10 described by way of example in Section 9, infra, MFG 
vectors carrying the gene for human Factor VIII are 
constructed and used to efficiently transduce 
endothelial cells and direct the expression of Factor 
VIII. 

15 The recombinant retroviral vectors of the 

invention are capable of achieving transduction of 
cells in viva. For example, as described more fully 
in Section 10, infra, the vector a-SGC-LacZ 
effectively transduces murine vascular endothelial 

2 0 cells in vivo, resulting in sustained expression of 
LacZ gene product in vivo. Thus, the invention 
provides gene therapy vectors and methods for the in 
situ transduction of target cells, such as, for 
example, vascular endothelial cells. 

25 Another aspect of the invention relates to 

transduction of hematopoietic cells with the 
recombinant retroviral vectors of the invention, and 
to the treatment of a wide variety of hematologic 
diseases and disorders via gene therapy with such 

30 vectors, including, but not limited to anemias, 
hemolytic disorders, red blood cell metabolic 
disorders , hemoglobinopathies , thalassemias , 
neutrophil function disorders, leukopenia, 
erythrocytes is, myeloproliferative disorders, 

35 leukemias, lymphomas, eosinophilic disorders, plasma 
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cell disorders, blood coagulation disorders, and the 
like- In a specific embodiment of this aspect of the 
invention, described by way of example in Section 11, 
infra, various MFG-derived recombinant retroviral 
5 vectors carrying a gene of interest may be constructed 
and used to transduce hematopoietic stem cells present 
in bone marrow. Cells transduced by such vectors may 
be used in bone marrow transplantation procedures in 
order to regenerate a complete hematopoietic system 

10 characterized by a variety of hematopoietic cell types 
producing the product encoded by the transferred gene 
of interest. Applicants' bone marrow transplantation 
study results disclosed in Section 11, infra, indicate 
that a number of different MFG-derived vectors are 

15 capable of transducing hematopoietic stem cells, and 
direct the high level expression of a desired gene 
product in most hematopoietic cell lineages generated 
from such transduced stem cells for nearly the 
lifetime of a bone marrow transplant recipient. The 

2 0 results also indicate that the choice of a particular 
viral LTR incorporated into the vector design may 
influence gene expression levels. 

In view of the results presented in Section 11, 
infra, the recombinant retroviral vectors of the 

25 invention are clearly capable of providing for long 
term sustained expression of genes in hematopoietic 
cells derived from transduced bone marrow cells. The 
ability to detect significant levels of gene 
expression in all hematopoietic lineages at over a 

30 year post-transfusion is significant, since this time 
approximates the normal lifespan of a murine bone 
marrow transplant recipient. These results also 
strongly suggest that in the case of previous studies 
which have demonstrated either the inactivity or 

35 shutoff of gene expression by LTR-based vectors, 
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specific features of vector design other than the 
utilization of viral LTRs may contribute more to the 
observed problems in expression than previously 
suspected. Although the absolute magnitude of 
5 improvement of expression afforded by either the MPSV- 
LTR or the B2 derivatives of MFG-ADA described in 
Section 11, infra, is somewhat difficult to assess, in 
light of the small number of animals examined for 
expression in different cell lineages and the 
10 variations in expression levels observed, the data 
clearly suggests that those vectors offer improved 
expression and that the improvement appears to be 
general, in that it occurs in most all hematopoietic 
lineages . 

15 Accordingly, the invention also provides a method 

of treating a hematologic disease characterized by a 
defective gene in a hematopoietic cell in a patient, 
involving the steps of isolating allogenic, HLA- 
identical bone marrow cells from a donor; transducing 

20 the donor bone marrow cells with a recombinant 

retroviral vector of the invention engineered to 
contain a normal gene corresponding to the defective 
gene at the vector insertion site; culturing the 
transduced donor bone marrow cells to generate a 

25 suitable population of viable cells; destroying the 
patient's immune system using any suitable method, 
such as, for example, by the administration of 
cyclophosphamide (i.e., 50 mg per kg per day for 4 
days) , or by total body irradiation alone or in 

3 0 combination with cyclophosphamide or other 

Chemother apeutic agents well known in the art; and, 
administering a suitable quantity of transfused donor 
bone marrow cells (approximately 2-6 x 10 8 transfused 
donor bone marrow cells per kilogram body weight) to 

35 the patient via any appropriate route of 
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administration such as, for example, by intravenous 
infusion, following destruction of the patients immune 
system. 

Yet another aspect of the invention is directed 
5 to improved vascular grafts for use in vascular 
surgery. A major problem with synthetic vascular 
grafts is their tendency to induce thrombus formation 
in the graft area, leading to occlusion and failure of 
the grafts, as well as myocardial infarction and 

10 death. Synthetic vascular grafts have never achieved 
long-term patency comparable to autologous saphenous 
vein, currently the material of choice in vascular 
surgical procedures such as coronary bypass 
operations, because of this inherent thrombogenicity . 

15 The problem is more intractable with micro-vessel 

grafts, and in patients that do not have an available 
saphenous vein for the graft. 

The invention provides improved endothelialized 
vascular grafts which resist the formation of 

20 occlusive thrombi. More specifically, the improved 
vascular grafts of the invention are pre-seeded with 
endothelial cells which have been genetically 
transduced by recombinant MFG retroviral vectors 
carrying the gene for a thrombolytic or anti- 

2 5 thrombotic agent, such as tissue-type plasminogen 

activator (tPA) . Such pre-seeded vascular grafts will, 
by virtue of the transduced endothelial cells lining 
the lumen of the graft, produce locally high levels of 
the thrombolytic or ant i -thrombotic agent, thus 

3 0 inhibiting thrombus formation. In a particular 

embodiment of this aspect of the invention, described 
more fully and by way of example in Section 8, infra, 
the recombinant retroviral vector MFG-tPA is used to 
transduce canine endothelial cells, and the transduced 
35 endothelial cells are then used to endothelialize the 
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luminal surface of a synthetic vascular graft prior to 
implanting the graft as an aortic-iliac bypass into 
test animals. The grafts seeded with MFG-tPA- 
transduced endothelial cells are capable of 
5 substantially inhibiting thrombus formation relative 
to grafts seeded with control endothelial cells, and 
therefore demonstrate an improved success rate. Such 
improved antithrombotic vascular grafts may therefore 
find use in surgical procedures such as coronary 

10 bypass surgery, and may eliminate the need for 

utilizing autologous vasculature for graft material. 
Various synthetic graft materials are known in the art 
and may be used to prepare the improved grafts of the 
invention, including but not limited to polymeric 

15 graft materials (e.g., polytetraf luoroethylene) , 

teflon, and the like. Preferably, the synthetic graft 
material is precoated with a type of f ibrinolytically- 
inhibited fibrin glue prior to lining the lumen of the 
graft with the genetically modified endothelial cells. 

2 0 For recent discussions of endothelial ized synthetic 
vascular grafts, see, for example, Zilla et al., 194, 
J. Vase. Surg. 19:540-548; and Ahlswede and Williams, 
1994, Arterioscler . Thromb. 14 ; 25-31 . 

Thus there is provided an improved synthetic 

25 vascular graft, comprising a lining of autologous 

endothelial cells genetically modified to produce an 
thrombolytic or anti-thrombic protein such as, for 
example, human tissue-type plasminogen activator, on 
the luminal surface of the graft, wherein said 

30 endothelial cells have been modified prior to 

implantation of the graft by transducing parental 
endothelial cells with a recombinant retroviral vector 
of the invention, engineered to contain the coding 
sequence for the thrombolytic or anti-thrombic protein 

35 at the vector insertion site. 
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The retroviral vectors of the invention may be 
used in a wide variety of cell types, including but 
not limited to epithelial cells, fibroblast cells, 
hepatocyte cells, endothelial cells, myoblast cells, 
5 astrocyte cells, lymphocyte cells, mesenthial cells, 
and the like. Of particular interest are the cell 
types disclosed in the following patents and patent 
publications: U.S. Patent Nos. 4,868,116, issued 
September 19, 1989, and 4,980,286, issued December 25, 

10 1990 (epithelial cells), PCT/US89/00422 , W089/07136 
published August 10, 1989 (hepatocyte cells) , EP 
378,576 published July 25, 1990 (fibroblast cells), 
and PCT/US88/04383, W089/05345 published June 15, 1989 
and WO/90/06997, published June 28, 1990 (endothelial 

15 cells) , the disclosures of which are incorporated 
herein by reference. 

The vectors of the subject invention find a 
variety of uses in the treatment of various medical 
conditions, including, but not limited to cancer, 

2 0 genetically based diseases, cardiopulmonary diseases, 
endocrinological diseases, and the like. 

The present invention will now be illustrated by 
the following examples, which are not intended to be 
limiting in any way. 

25 

6. EXAMPLE: CONSTRUCTION OF MFG AND 

a-SGC RETROVIRAL GENE THERAPY VECTORS 

6.1. MATERIALS AND METHODS 

6.1.1. CONSTRUCTION OF MFG VECTOR PRECURSOR 

3Q 6.1.1.1. CONSTRUCTION OF pMOV-Psi 

Plasmid pMOVPsi was constructed as follows: 
Three purified DNA fragments were ligated together to 
construct PMOV Psi-. The first was obtained by 
digesting PMOV Psi+ with Xho I to completion, followed 
35 by partial digestion with EcoRI. Chumakov, I. et 
al. , Journal of Virology , 42:1088-1098 (1982). The 
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fragment extending from the Xho I site at 2 . 0 U in 
MuLV, through the 3' LTR, 3 ' mouse flanking sequence, 
all of pBR322, and ending at the EcoRI site was 
purified from an agarose gel after electrophoretic 
5 separation. Vogelstein, B. and D. Gillespie, 

Proceedings of the National Academy of Sciences, USA , 
761:615-619 (1979). The second fragment was obtained 
by digestion of 6 PMOV Psi+ with Bal I to completion 
followed by purification of the fragment extending 

10 from the Bal I site in pBR3 2 2 through 5' mouse 

flanking sequence and 5' LTR to the Bal I site located 
at 0.7 U of MuLV. Hindlll linkers (Collaborative 
Research) were then blunt-ligated to this fragment 
with T4 DNA ligase, and the fragment was digested with 

15 excess Hindlll and EcoRI. The LTR- containing 
fragment was purified from an agarose gel after 
electrophoretic separation. The third fragment 
present in the final ligation reaction was obtained 
from pSV2 cfaq/pol where the craq/pol region of MuLV had 

2 0 been subcloned into pSV2 . Mulligan, R.C. and P. 

Berg, Science . 209:1422-1427 (1980). pSV2- qaa/pol was 
digested to completion with Xho I and Hindlll and the 
fragment extending from the Hindlll site (changed from 
the Pst I site at 1.0 U of MuLV) to the Xho I site at 
25 2.0 of MuLV was purified from an agarose gel following 
electrophoretic separation. These three DNA fragments 
were then mixed in equimolar amounts at a total DNA 
concentration of 50 ug/ml. in ligase buffer (50 mM 
Tris-HCl [pH 7.8]), 10 mM MgCl 2/ 20 mM dithiothreitol , 

3 0 1.0 mM ATP, 50 ug/ml. bovine serum albumin) and 

incubated with T4 DNA ligase for 18 hr. at 15 C. E. 
coli HB101 was transfected with the ligated DNA, and 
ampicillin resistant transf ectants were obtained. The 
plasmid DNA obtained from a number of transf ormants 
35 was screened for the desired structure by digestion 
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with appropriate restriction endonucleases and 
electrophoresis through agarose gels. Davis, R.W. et 
al. , Methods in Enzymology, 65:404-411 (1980). 

Cell lines containing the Psi mutant stably 
5 integrated into the chromosome were made by 

cotransf ection of pMOV-Psi and pSV2gpt, a SV40 hybrid 
vector capable of XG PRT expression. Mulligan, R.C. 
and P. Berg, Science . 209:1422-1427 (1980). Cells 
from gpt+ colonies obtained in this way were cloned 
10 and established into three lines: Psi-1, Psi-2, and 
Psi-3 . 

6.1.1.2 CONSTRUCTION OF pLJ 



15 described in Korman, A.J. et al. , Proceedings of the 
National Academy of Sciences, USA , 84:2150 (1987). 
This vector is capable of expressing two genes: the 
gene of interest and a dominant selectable marker, 
such as the neo gene. The gene of interest is cloned 

20 in direct orientation into a BamHI/Smal/Sall cloning 

site just distal to the 5' LTR, while, the neo gene is 
placed distal to an internal promoter (from SV4 0) 
which is farther 3' than is the cloning site (is 
located 3' of the cloning site) . Transcription from 

25 pLJ is initiated at two sites: 1) the 5' LTR, which is 
responsible for expression of the gene of interest and 
2) the internal SV4 0 promoter, which is responsible 
for expression of the neo gene. The structure of pLJ 
is represented in Figure 2a. 

30 Vector pLJ is represented in Figure 2a. In pLJ, 

the genetic material of interest is inserted just 
following the 5' LTR. Expression of this genetic 
material is transcribed from the LTR and expression of 
the neo gene is transcribed from an internal SV4 0 

35 promoter. 



The characteristics of the pLJ vector have been 
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6.1.1.3. CONSTRUCTION OF PEm 

In this simple vector, the entire coding sequence 
for gag , pol and env of the wild type virus is 
replaced with the gene of interest, which is the only 
5 gene expressed. The components of the pEm vector are 
described below. The 5' flanking sequence, 5' LTR and 
400 bp of contiguous sequence (up to the BamHI site) 
is from pZIP. The 3' flanking sequence and LTR are 
also from PZIP; however, the Clal site 150 bp upstream 

10 from the 3' LTR has been ligated with synthetic BamHI 
linkers and forms the other half of the BamHI cloning 
site present in the vector. The Hindi II/ EcoRI 
fragment of pBR32 2 forms the plasmid backbone. This 
vector is derived from sequences cloned from a strain 

15 of Moloney Murine Leukemia virus. An analogous vector 
has been constructed from sequences derived from the 
myeloproliferative sarcoma virus. The structure of 
pEm is represented in Figure 2b. 



2 0 used to transduce a variety of cell types, such as 
endothelial cells with genetic material of interest. 
Such vectors are basically simplifications of the 
vectors previously described, in which there is such a 
marker. Vector pEm is represented in Figure 2b; as 

25 represented, the main components of the vector are the 
5' and 3 ' LTR, and the genetic material of interest, 
inserted between the two LTRS . 

6,1.2. CONSTRUCTION OF THE MFG VECTOR 

30 The MFG vector having the identifying 

characteristics of ATCC accession No. 68754 is derived 
from the pEM vector but contains 103 8 base pairs of 
the gag sequence from MMLV to increase the 
encapsulation of recombinant genomes in the packaging 

35 cell lines, and 350 base pairs derived from MOV-9 



Vectors without a selectable marker can also be 
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which contains the splice acceptor sequence and 
transcriptional start. An 18 base pair 
oligonucleotide containing Ncol and BamHI sites 
directly follows the MOV-9 sequence and allows for the 
5 convenient insertion of genes with compatible sites. 
The MMLV LTR controls transcription and the resulting 
mRNA contains the authentic 5' untranslated region of 
the native gag transcript followed directly by the 
open reading frame of the inserted qene. The 
10 structure of MFG is represented in Figure 2c. A more 
detailed map of MFG is provided in Figure"^3-? Details 
for the construction of MFG are provided in Figures 
9 (a) and 9 (b) . 



15 containing Xhol/Ndel fragment of the half-GAG 

retroviral vector (half-GAG is described in Bender, et 
al. . J. Virol . 61:1639-1646) to an Xhol / BamHI H4 
histone promoter fragment. Retroviral vector pEM was 
digested with Ndel and BamHI , and the 3' LTR 

2 0 containing fragment was Ligated to the half GAG 

fragment already ligatecl^the H4 fragment so as to 
produce an intermediate retrovirus vector containing 2 
LTRs in the proper orientation and also containing the 
H4 fragment within the viral portion of the vector. 

2 5 The intermediate vector was then linearized by 

digestion with Ndel and the Ndel site in the pB322 
portion of the vector was filled in by polymerase and 
destroyed by ligation. The vector was subsequently 
digested with Xhol and the Xhol site was joined to 
30 Ndel linker. The vector wa§ subsequently cleaved with 
BamHI and the large fragment containing both LTRs and 
the pBR322 sequence) was purified. 

A linker having Xhol and BamHI and having the 
following sequence : 

3 5 CTAGACTGCCATGGCGCG 



MFG was constructed by ligating the 5' LTR 
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TGACGGTACCGCGCCTAG 



was synthesized and ligated to both the BamHI site on 
the cleared intermediate vector and an Ndel/Xbal 
fragment from pMOV9 [containing a splice acceptor site 
5 next to the Ndel edge] so as to form a circular 

vector, MFG as illustrated in Figures 2c, 3 and 9(a) 
to 9(b). The plasmid containing vector MFG has been 
deposited with the American Type Culture Collection 
and it has accession number 68,754. 



The a-SGC vector (ATCC accession number 68755) 
utilizes transcriptional promoter sequences from the 
a-globin gene to regulate expression of the tPA gene. 

15 The 600 base pair fragment containing the promoter 
element additionally contains the sequences for the 
transcriptional initiation and 5 ' untranslated region 
of the authentic a-globin mRNA. A 360 base pair 
fragment which includes the transcriptional enhancer 

2 0 from cytomegalovirus precedes the a-globin promoter 
and is used to enhance transcription from this 
element. Additionally, the MMLV enhancer is deleted 
from the 3' LTR. This deletion is transferred to the 
5' LTR upon infection and essentially inactivates the 

25 transcriptional activating activity of the element. 

The structure of a-SGC is represented in Figure 2d. A 
more detailed description of a-SGC is provided in 
Figure 4. A plasmid containing the a-SGC vector has 
been deposited with the American Type Culture 

30 Collection and it has accession number 68,755. The 
following examples provide examples of using the 
retroviral vectors of the invention using endothelial 
cells. It will be understood that other cell types 
are suitable as well, including without limitation 



10 



6.1.3. 



CONSTRUCTION OF THE a-SGC VECTOR 



35 
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epithelial cells, fibroblast cells, hepatocyte cells 
and others. 

7. EXAMPLE: USE OF MPG AND OE-SGC VECTORS TO AFFECT 
INCREASED EXPRESSION OF HUMAN TISSUE PLASMINOGEN 
ACTIVATOR IN ENDOTHELIAL CELLS 

Tissue plasminogen activator (tPA) is a protein 
normally secreted by endothelial cells that promotes 
fibrinolysis of blood clots. Recombinant retroviral 
vectors encoding human tPA were constructed and used 

10 

to transduce canine endothelial cells in order to 
demonstrate the enhanced delivery of a therapeutically 
relevant protein from transduced endothelial cells. 

7.1. MATERIALS AND METHODS 

15 7.1.1. CONSTRUCTION OF MFG AND O-SGC VECTORS 

ENCODING tPA 

The modifications of the tPA gene for cloning 

into the recombinant retroviral vectors are shown in 

Figure 10. The coding sequences of human uterine tPA 

2 0 were contained within a Sal I DNA fragment of a pUC- 
based plasmid obtained from Integrated Genetics Inc. 
Framingham MA. The Sal I fragment was derived by 
placing Sal I linkers at the SFaN I site at base pair 
6 and the Bcrl II site at base pair 2 090 of the 

25 original cDNA. The coding sequences extends from base 
pair 13 to base pair 1699. 

From this original clone a fragment that could be 
cloned directly into the MFG and a-SGC vectors 
described in Section 6.1, supra* The Sal I fragment 

30 was first converted to a Bam HI fragment by the 

addition of synthetic Bam HI linkers and then digested 
with the restriction enzyme Bql II to yield a 109 base 
pair BamHI to Bqlll fragment and a 1975 base pair Bgl 
II to Bam HI fragment. To recreate the missing 100 

35 base pairs of tPA coding sequences and the 
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translational start codon, two 104 base pair 
oligonucleotides were chemically synthesized and 
annealed to create a fragment with an Nco I site at 
the 5' end and a Bql II site at the 3' end. This 
5 oligonucleotide was ligated onto the Bgl II site of 
the partial 1975 base pair tPA gene to create a 2 079 
base pair tPA gene with the identical coding seguence 
of the original molecule, but which can be easily 
obtained as an Nco I to Bam HI fragment. It was 

10 inserted directly into the MFG and a-SGC vectors (the 
resulting vectors were given ATCC accession numbers 
68727 and 68729, respectively) . These manipulations 
were performed by standard molecular biological 
techniques (Molecular Cloning -A laboratory Manual, T. 

15 Maniatis, E.F. Frisch, and J. Sambrook) , and are 
diagrammed in Figure 2 . 

7.1.2. PREPARATION OF MFG -t PA AND Oc-SGC-tPA 

PRODUCER CELL LINES 

2Q Cell lines producing recombinant virus encoding 

MFG-tPA and a-SGC-tPA were made from the Psi packaging 
cell line of Danos and Mulligan capable of producing 
recombinant retrovirus of ampho'trophic host range 
[Proc. Natl. Acad. Sci. U.S.A. 85:6460 (1988)]. 

25 10 ug of the specified DNAs and 1 ug of the plasmid 

pSV2neo were co-precipitated and transfected onto the 
packaging cells by standard calcium phosphate 
transfection procedures. Stably transfected clones 
were isolated after growth for 14 days in selective 

30 media containing 800 ug/ml G418. 24 hour culture 

supernatants were obtained from confluent monolayers 
of individual clones and used to infect NIH 3T3 cells. 

The culture supernatants were removed after 2 4 
hours exposure, and the 3T3 cells were refed with 

35 normal media and allowed to grow for an additional 72 
hours. Fresh media was placed on these cells for 6 
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hours and these supernatants were assayed for human 
tPA with a commercially available ELISA specific for 
human tPA (Immunobind-5 , American Diagnostica Inc., 
N.Y., N.Y.) From this screen, clones of the packaging 
5 cell line producing either the MFG-tPA recombinant 

virus or the a-SGC-tPA recombinant virus were selected 
and designated MFG 68 and a-SGC 22, respectively. 

7.1.3. TARGET ENDOTHELIAL CELLS AND TRANSDUCTION 



Canine endothelial cells were isolated from 10 cm 
segments of the external jugular vein by collagenase 
digestion as described [T.J. Hunter S.P. Schmidt, 
W.V. Sharp, and (1983) Trans. Am. Soc. Art if. Intern. 
Organs 29:177], The cells were propagated on 
fibronect in-coated tissue culture dishes in M199 media 
containing 5% plasma-derived equine serum, 50 ug/ml 
endothelial cell growth factor, and 100 ug/ml heparin. 
Purity of the cell cultures was determined by 
immunohistochemical assay for the presence of Von 
Willebrands Factor and the absence of smooth muscle 
cell specific a-actin. 

The day before transduction, the endothelial 
cells were seeded at 5.5 X 10 3 cells/cm 2 in medium 
without heparin. The following day, the endothelial 
cells were exposed for 24 hours to supernatants 
containing recombinant virus derived from each 
producer cell line to which was added 8 ug/ml 
polybrene. The viral supernatants were removed, the 
cells Jfeed^vith normal media and growth was allowed to 
proceed for an additional 48 hours before analysis. 

High molecular weight genomic DNA and total RNA 
were isolated from cultures of endothelial cells by 
standard techniques ( Molecular Cloninq-A Laboratory 
Manual , T. Maniatis, E.F. Fritsch, and J. 
Sambrook) . The DNA and RNA were analyzed by 
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hybridization analysis with a 32 P-labeled DNA probe 
prepared from the entire tPA cDNA fragment. standard 
techniques were used for electrophoretic separation, 
filter transfer, hybridization, washing, and 32 P- 
5 labeling (Molecular Cloning-A Laboratory Manual T. 
Maniatis, E.F. Fritsch, and J. Sambrook) . The 
production of human tPA in transduced canine 
endothelial cells was demonstrated with a species 
specific immunocytochemical stain. Transduced cells 

10 were fixed in 3% formaldehyde for 10 minutes at room 
temperature and then permeabilized in 0.1% Triton X- 
100 for 5 minutes. The fixed cell monolayer was then 
incubated sequentially with a murine monoclonal 
antibody to human tPA, with an alkaline phosphatase 

15 conjugated goat anti-mouse antibody, and finally with 
a color reagent specific for alkaline phosphatase. 
This procedure specifically stains those cells 
expressing human tPA and can be visualized by 
conventional light microscopy. In addition, tPA 

2 0 secretion from transduced cells was determined from 

confluent cell monolayers. Fresh media was placed on 
the cells for 6 hours, removed and clarified by 
centrifugation, and the amount of human tPA determined 
with a commercially available ELISA (Immunobind-5 , 

25 American Diagnostics) . 

7.2. RESULTS 

The efficiency of the transduction process is 
shown by immunocytochemical stain of a population of 
30 cells mock transduced or transduced with MFG-tPA. As 
shown in Figure 5, after a single exposure of the 
cells to a viral supernatant harvested from MFG 68, 
essentially all of the cells are synthesizing human 
tPA as opposed to none of the cells in the control. 

35 
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This was achieved without selection of any type for 
transduced cells. 

An immunological assay was conducted to determine 
the amount of tPA that was being secreted from 
5 transduced cultures. As shown below, cells transduced 
with recombinant virus from either MFG 68 or a-SGC 22 
secreted large amounts of human tPA. Under similar 
conditions, human endothelial cells in culture 
typically secrete approximately 1 ng of tPA [Hanss, 
10 M. , and D. Collen (1987) J. Lab. Clin. Med. 109: 97- 
104] „ 



TABLE I 



15 



Cells 

uninfected K9 EC 
MFG 68 K9 EC 

a-SGC 22 K9 EC 



nq tPA/10 6 cells/6hrs . 

0.0 
150. 1 
302 . 8 



20 



25 



30 



35 



As a further confirmation that the endothelial 
cells had been transduced with recombinant virus from 
MFG 68 and a-SGC 22, DNA and RNA was isolated from 
transduced cells and analyzed by hybridization to a 
radiolabeled tPA gene. An autoradiogram of the DNA 
analysis was performed. No hybridization was detected 
in the uninfected controls, but single hybridizing 
species of the appropriate molecular weight was seen 
in the cells infected with the two recombinant 
vectors. This demonstrates that the genetic 
information has been transferred to the genome of 
these transduced cells. 

Hybridization analysis of total RNA isolated from 
these cells confirms the protein and DNA results. 
Again no hybridization was detected in the control 
cells but in the RNA derived from the transduced cells 
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hybridizing bands of the appropriate sizes can be 
seen. RNA from the MFG 68 and a-SGC 22 recombinant 
virus producing cells is also shown as controls. 

5 8. EXAMPLE: IN VIVO ANTITHROMBOTIC ACTIVITY OP 

VASCULAR GRAFTS SEEDED WITH MFG- t PA-TRANSDUCED 
ENDOTHELIAL CELLS 

8.1. MATERIALS AND METHODS 

Endothelial cells were enzymatically harvested 
from external jugular veins of adult female mongrel 

0 

dogs that weighed 20-25 kg and cultured in the 
laboratory and analyzed for purity as described in 
Example 7, supra. One half of the cells isolated from 
each animal were transduced by two exposures to 
supernatants from the MFG 68 cell line producing the 
5 MFG-tPA recombinant virus as described in the previous 
section. The other half were mock transduced. Growth 
curves conducted on each population showed no 
difference in growth characteristics. ELISA 
measurements were made on culture supernatants derived 

0 

from each batch of transduced cells to assure that tPA 
was being secreted from the augmented cells. These 
cells were then propagated in the laboratory for 
approximately one week to obtain sufficient numbers of 
cells . 

5 For each animal from which cells had been 

isolated, two vascular grafts made of expanded Teflon 
(W.L,. Gore and Associates, Inc. Flagstaff, AZ) were 
seeded with cells. One graft was seeded with mock 
transduced cells, and the other with cells transduced 

0 

to secrete high levels of tPA. Each graft, measuring 
0.4 cm x 14 cm, was precoated with 1.5 ug/cm 2 
fibronectin (Sigma Chemical Corp. , St. Louis MO) , and 
then seeded with 2200,000 endothelial cells/cm. The 
grafts were then incubated for an additional 7 2 hours 
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in culture. Prior to implant the ends were cut off 
each graft and checked to assure cell coverage. 

The same dogs from which the cells had been 
harvested were anesthetized and 10 cm segments of the 
5 seeded grafts were implanted as aorta-iliac bypasses. 
Each dog received two contralateral grafts; one seeded 
with control cells and the other seeded with cells 
that had been transduced to secrete high levels of 
tPA. Following implantation the performance of the 
10 grafts was monitored daily with a B-mode scanner which 
locates the graft with ultrasound and assesses blood 
flow through the graft by Doppler measurements 
(Accuson, Inc.). No drugs to reduce thrombus 
formation were administered to the animals. 

15 

8.2. RESULTS 

The results of graft performance in 6 different 
animals were analyzed. The results are indicated in 
Figure 5. The implant model described above is an 

2 0 extremely stringent one and leads to rapid graft 

failure by occlusive clot formation. Normal graft 
function is denoted by solid bar, and a graft which is 
failing but still functioning by a striped bar. In 
the first animal, the control graft and the graft 

25 lined with transduced cells secreting enhanced levels 
of tPA (experimental) failed due to clot formation 24 
hours after implant. In all of the other five 
animals, the graft lined with transduced cells 
secreting enhanced levels of tPA functioned longer 

30 than the graft with cells which had only been mock 

transduced. This difference varied from 24 hours to 
several months. These results demonstrate that a 
therapeutic effect can be achieved in vivo with MFG- 
transduced endothelial cells. 



35 
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9. EXAMPLE: USE OF MFG VECTOR TO PRODUCE HUMAN 
FACTOR VIII IN ENDOTHELIAL CELLS 

9.1. MATERIALS AND METHODS 

9.1.1. CONSTRUCTION OF MFG / FACTOR VIII VECTOR 

5 Endothelial cells were genetically augmented to 

produce human factor VIII by transducing cells with a 
retroviral vector, MFG, containing a modified human 
factor VIII gene (ATCC accession no. 68726) • The 
modified factor VIII cDNA contains all of the coding 

10 sequences for the Al, A2 , A3, CI, and C2 domains, 

however the B domain is deleted from amino acids 74 3 
to 1648, The removal of the B domain and the 
insertion of the modified factor VIII gene into the 
retroviral vector MFG is described in detail below and 

15 depicted in Figure 7 . 

A full-length cDNA without the 5 ' and 3' 
untranslated sequences was obtained in a plasmid 
vector inserted between the restriction sites Nco I 
(5') and Xho I (3'). For removal of the B domain, the 

20 factor VIII cDNA was subcloned into a plasmid vector 
in 4 fragments spanning the sequences on both the 5' 
and 3 ' sides of the B domain. The first fragment of 
the factor VIII cDNA was subcloned between the 
restriction sites Sal I and Pst I in the plasmid 

25 vector pUC 9. The plasmid vector was cut with Sal I 
and Pst I and the 5 ' phosphates were removed using 
calf intestinal phosphatase. A 1591 base pair Xho I 
(nucleotide 7263) to Nde I (nucleotide 5672) fragment, 
and a 359 base pair Nde I (nucleotide 5672) to Pst I 

3Q (nucleotide 5313) fragment from the full-length cDNA 
were isolated and ligated with the Sal I/Pst I 
digested plasmid vector. 

To remove the majority of the sequences encoding 
the B domain which joins amino acids 742 to 1649 in 

35 the same translational reading frame, 4 

oligonucleotides were synthesized with a 5' Hind III 
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site and a 3' Pst I site covering 168 base pairs. The 
oligonucleotides extend from the Hind III site at 
nucleotide 2427 which encodes amino acid 742 followed 
by amino acid 1649 which is the first amino acid of 
5 the activation peptide of the light chain through to 
the Pst I site at nucleotide 5313. The plasmid vector 
pUC 9 was digested with the restriction enzymes Hind 
III and Pst I, and the 5' phosphates were removed 
using calf intestinal phosphatase. The 
10 oliaonucleotides were synthesized as 4 separate 

strands, kinased, annealed and ligated between the 
Hind III site and the Pst I site of the plasmid 
vector . 



15 juxtaposed to the Pst 1/ Xho I fragments in a plasmid 
vector pUC F8. To generate this plasmid, a new 
polylinker was inserted into a pUC 9 plasmid backbone 
with the new polylinker encoding the restriction 
enzyme sites 5' Sma I-Bam Hl-Xho I-Pst I-Hind Ill-Asp 

20 718-Nco I-Hpa 13' used. The plasmid vector was 

digested with the restriction enzymes Bam HI and Hind 
III, and the 5' phosphates were removed with calf 
intestinal phosphatase. A partial Pst 1/ Bam HI 
digest of the Pst I /Xho I subclone was used to isolate 

25 the 3' terminal factor VIII fragment, and a Pst I/Hind 
III digest of the subcloned oligonucleotides was used 
to isolate the heavy and light chain junction 
fragment. They were ligated into the plasmid vector 
pUC FB between the BamHI and Hind III sites. 

3 0 This subclone containing the factor VIII 

sequences between nucleotides 2 42 7 and 72 05 was 
digested with Asp 718 and Hind III, and the 5' 
phosphates were removed using calf intestinal 
phosphatase. A fragment encoding factor VIII between 

35 the restriction enzyme sites Asp 718 (nucleotide 1961) 



The subcloned Hind III /Pst I oligonucleotide was 
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and Hind III (nucleotide 2427) was isolated and 
ligated into the plasmid vector to generate a subclone 
(pF8 3' delta) containing the factor VIII sequences 
from nucleotide 1961 through to the translational stop 
5 codon at nucleotide 7205. 

The construction of the retroviral vector 
containing the modified factor VIII gene was carried 
out by inserting the factor VIII gene between the 
restriction sites Nco I and Bam HI of the retroviral 

10 vector MFG. The factor VIII subclone pF8 3 ' delta was 
digested with Sma I and converted to a- Bglll site 
using an oligonucleotide linker. An Asp 718/Bgl II - 
fragment was isolated from the 3' factor VIII 
subclone, and a 5' factor VIII fragment containing the 

15 ATG for initiation of translation was isolated as an 
Nco I (nucleotide 151) /Asp 718 fragment (nucleotide 
19 61) . The retroviral vector MFG was digested with 
Nco I and Bam HI, and the 5' phosphates were removed 
using calf intestinal phosphatase. The factor VIII 

2 0 fragments were ligated into the retroviral vector 

yielding the final factor VIII retroviral construct, 
see Figure 6 . 

9.1.2. PREPARATION OF MFG/ FACTOR VIII PRODUCER CELL 

25 LINES 

The cell line producing the retroviral particles 

was generated by transfection of the retroviral vector 

MFG/ factor VIII into equal numbers of ecotropic 

packaging cells Psi CRE and amphotropic packaging 

30 cells CRIP as described by Bestwick et al. (Proc. 
Nati. Acad. Sci. USA 85:5404-5408 (1988)). To 
monitor the extent of superinfection taking place 
between the 2 host ranges of packaging cells, the 
production of biologically active factor VIII was 

35 measured using the Kabi Diagnostica Coatest for Factor 
VIII, Helena Laboratories, Beaumont, Texas and the 



PEMP-23267.1 




- 41 - 



production of viral RNA was measured by an RNA dot 
blot analysis. At 21 days post transf ection, the 
mixture of transfected packaging cells was co- 
cultivated with the amphotropic packaging cell line 
5 Psi CRIP-HIS. The CRIP HIS packaging cell line is a 
variant of the previously described CRIP packaging 
cell line. The CRIP HIS packaging cell line is 
identical to the Psi CRIP packaging cell line except 
that the retroviral envelop gene was introduced into 

10 the cell by cotranf ection with pSV2-HIS plasmid DNA, a 
different dominant selectable marker gene. The 
packaging cell lines were cultured at a 1:1 ratio for 
isolation of a homogeneous amphotropic retroviral 
stock of transducing particles. The superinfection of 

15 the amphotropic packaging cell line CRIP HIS has led 
to the generation of a stable cell line, HIS 19, which 
produces recombinant retrovirus that efficiently 
transduce the modified human factor VIII gene. 
Antibiotic selection of the retroviral introducing 

20 cell line was not required to isolate a cell line 

which produces high-titer recombinant retrovirus. The 
genomic DNA of the cell line has been characterized by 
Southern blot hybridization analysis to determine the 
number of integrated copies of the retroviral vector 

2 5 present in the producer cell line. The copy number in 
the retroviral producing cell line is approximately 
0.5, therefore on average 50% of the CRIP-HIS 
packaging cells contain a copy of the retroviral 
vector with the modified factor VIII gene. The 

30 retroviral vector and the modified factor VIII gene 

are intact without any deletions or rearrangements of 
the DNA in the packaging cell line. The copy number 
of the retroviral vector remains constant with the 
continuous passage of the retroviral producing cell 

35 line. For obtaining the highest titer of recombinant 
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retrovirus, HIS 19 was carried 3 passages in selective 
histidine minus media followed by 4 passages in 
completed DMEM media. For the generation of 
retroviral particles, HIS 19 was seeded at SxlO 5 - lxlO 6 
5 cells in a 10 cm cell culture dish. At 48 hours 
postseeding, approximately 70% confluency, fresh 
medium (DMEM + 10% calf serum) was added to the plates 
for collection 2 4 hours later as the source of 
recombinant retrovirus for transduction* 



The modified factor VIII gene was transduced into 
canine endothelial cells isolated from the jugular 
vein. The endothelial cells were seeded at 3xlO s cells 

15 per 10 cm. dish in complete M199 medium with 5% plasma 
derived serum (Equine) , lOOug/ml heparin, and 50ug/ml 
endothelial cell growth factor for 4-6 hours. The 
cells were then incubated overnight in M199 medium 
with 5% plasma derived serum, and lOOug/ml endothelial 

2 0 cell growth factor overnight without heparin which 

adversely affects the efficiency of the transduction 
process. Cells were exposed to the fresh viral 
supernatant plus polybrene (8 ug/ml) for 24 hours. 
After removal of the viral supernatant, the cells were 

25 put into M199 medium with 5% plasma derived serum, 
lOOug/ml endothelial cell growth factor to grow to 
approximately 7 0-8 0% confluence. At that time, the 
medium was changed to M199 medium with 5% heat 
inactivated fetal bovine serum (heated at 66 °C for 2 

30 hours) , and 50 ug/ml of ECGF. Following a 24 hr. 

incubation, the medium was collected and assayed for 
biological active factor VIII by the Kabi Coatest. 

9.2. RESULTS: IN VITRO TRANSDUCTION OF ENDOTHELIAL 



10 



9.1.3. 



ENDOTHELIAL CELL TRANSDUCTION 



35 



CELLS 
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With this retroviral producing cell line, between 
50% and 75% of the endothelial cells were transduced 
as determined by Southern blot analysis. The factor 
VIII gene can be transduced at this frequency with a 
5 single exposure to the recombinant retrovirus, and 
without antibiotic selection of the transduced cells. 
The transduced endothelial cells contain an intact 
copy of the recombinant retroviral genome and the 
modified factor VIII gene without any deletions or 
10 rearrangements. The rate of production of 

biologically active factor VIII from the genetically 
augmented endothelial cells was 4OOng/5xl0 6 cells/24 
hrs. 

15 10. EXAMPLE: IN VIVO TRANSDUCTION OF ENDOTHELIUM 

Using standard stocks of recombinant retrovirus 
made as described in the previous examples, data 
demonstrating the in vivo transduction of endothelial 
cells has been generated as described herein. The 

2 0 approach is based on the previously published 

observation (Reidy MA, Schwartz SM, Lab Invest 44:301- 
3 08 (1981) ) that a defined injury to an artery surface 
removes a small strip of endothelial cells and this 
denuded area heals within seventy-two hours by 

25 proliferation and in growth of new endothelial cells 
from the edge of the defect. Cell division is a 
requirement for effective transduction by recombinant 
retroviruses and the injury of the endothelium with a 
wire is one of potentially many methods to induce 

30 endothelial cell proliferation. Our method uses 
Reidy 's technique of defined injury to induce 
endothelial cell proliferation, then exposes the 
proliferating cells directly to supernatants 
containing recombinant retroviral vectors. Our 

35 initial experiments document the ability of this 
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method to successfully transduce endothelial cells in 
situ, thus potentially avoiding the necessity of 
tissue culture techniques for the successful 
introduction of new genetic sequences. 



first procedure injures the blood vessel surface (here 
described for the right iliac artery) and induces the 
proliferation of endothelial cells. The second 
procedure delivers recombinant retrovirus to the cells 

10 undergoing replication on the vessel surface, while 
preventing the flow of blood from the proximal 
arterial tree while the proliferating cells are 
exposed to retroviral particles. For simplicity of 
performance the procedure is described for iliac 

15 arteries. 

10.1. MATERIALS AND METHODS 

To demonstrate in vivo gene transfer, we used the 
marker gene concept published in 1987 (Price J, Turner 

20 D. Cepko C. 1987 Proc. Natl. Acad. Sci . USA 

84:156160.) with an improved vector based on the a-SGC 
vector (Figures 2d and 4) . The lacz gene encoding 
beta-galactosidase was inserted into the a-SGC vector 
to generate the a-SGC-LacZ vector which is represented 

25 in Figure 8. This recombinant construct was 

transfected into the ^t £^*pr packaging cell line and a 
clone of fjs^ -i^^cells producing high titers of the a- 
SGC-LacZ recombinant retrovirus were isolated as 
described in Example 9, supra. Stocks of the a-SGC- 

30 LacZ recombinant retrovirus were used for in vivo 
transduction . 

The experimental animals (rabbits) were 
anesthetized (ketamine/xylazine) , both groins were 
shaved and prepped, and the animals positioned on an 

35 operating table. Through bilateral vertical groin 



5 



This method requires two surgical procedures, the 
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incisions the common, superficial, and profunda 
femoral arteries were exposed. On the right (the side 
to be injured) small branches off the common femoral 
artery were ligated to insure that outflow from the 
5 isolated arterial segment would only occur through 

the internal iliac artery. If necessary, the inguinal 
ligament was divided and the vessel followed into the 
retroperitoneum to assure complete control of all side 
branches. The right superficial femoral artery (SFA) 

10 was ligated with 3-0 silk approximately 1.5 cm below 
the profunda take-off, control of the SFA was obtained 
at the SFA/profunda junction, and a transverse 
arteriotomy created. A fine wire (the stylet of a 20 
gauge Intracath was used) , doubled upon itself to 

15 provide springiness to assure contact with the vessel 
wall, was passed up the common femoral and iliac 
artery retrograde to produce the defined injury 
described by Reidy et al. The wire was removed, a 20 
gauge angiocath was inserted in the arteriotomy and 

2 0 secured to the underlying muscle for immediate access 

at the next surgical procedure. The incisions were 
closed in layers and the animals allowed to recover. 

Twenty-four hours later a recombinant virus 
containing supernatant harvested from a^es^lp producer 
25 of the a-SGC-LAC-Z vector and supplemented with 

polybrene to a final concentration of 8 ug/ml was used 
for in vivo transduction. The animals were again 
anesthetized and both incisions reopened in a sterile 
environment. To obtain control of the right iliac 

3 0 vessels above the area that had been injured with no 

disturbance to the previously denuded right iliac 
vessel, a #3 FogartyTM balloon embolectomy catheter > 
was inserted through an arteriotomy in the left 
superficial femoral artery, passed to the aortic 
35 bifurcation and the balloon inflated to interrupt 
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blood flow. The right profunda femoris artery was 
occluded. The supernatant (10 ml) containing the 
recombinant retrovirus was introduced by hand 
injection through the angiocath previously placed in 
5 the right SFA. The supernatant flowed in a retrograde 
fashion from the right common femoral to the right 
external iliac and into the right internal iliac 
artery. By leaving the right internal iliac artery 
open outflow for the supernatant was allowed and a 

10 full 10 ml of supernatant could be instilled. In the 
experiments performed to date the supernatants have 
been exposed to the vessel wall for periods of four to 
eight minutes. The catheters from the left and right 
sides were then removed, hemostasis obtained, and the 

15 incisions closed. 

Ten to fourteen days later animals were 
anesthetized prior to sacrifice. After anesthesia and 
prior to exposure, patency was assessed by direct 
palpation of the distal vessel. The infra-renal aorta 

2 0 and inferior vena cava were surgically exposed, 

cannulated, and the vessels of the lower extremity 
flushed with heparinized Ringer's lactate (2 U/ml) at 
physiologic pressure (90 mmhg.) A lethal dose of 
nembutal was administered and the arteries 

25 perfusionf ixed in situ in 0.5% glutaraldehyde in 0.1 M 
cacodylate for 10 minutes. The aorta and both iliac 
arteries were excised in continuity and rinsed in 
phosphate buffered saline (PBS) with lmM MgC 2 The 
vessels were then stained for lacZ activity by 

30 incubation in the x-gal substrate for 1-1.5 hours at 
37 °C. When the reaction was complete, the x-gal 
solution was washed away and replaced with PBS. 

10.2. RESULTS 



35 
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Two experiments have been completed with this 
protocol. Both experiments demonstrated successful In 
vivo transduction as shown by the in situ expression 
of the lacZ gene product in cells on the surface of 
5 the artery as visualized by the selective intense blue 
staining in a cytoplasmic pattern. A line of 
intensely stained blue cells consistent with the 
pattern of injury and proliferation described by Reidy 
et al. is found on the surface of a segment of the 
10 external illiac artery injured with a wire, exposed to 
a-SGC-LacZ recombinant retrovirus, fixed and stained 
for lacZ activity. 

11. EXAMPLE: IN VIVO EXPRESSION OF HUMAN ADENOSINE 
15 DEAMINASE BY HEMATOPOIETIC STEM CELLS TRANSDUCED 

WITH SEVERAL RECOMBINANT MFG-ADA RETROVIRAL 
VECTORS 

Several different MFG-based vectors encoding the 
same gene product, human adenosine deaminase (huADA) 
and the same vector backbone, yet differing 

20 specifically in transcriptional control sequences were 
constructed and evaluated for their capacity to 
efficiently transduce murine hematopoietic stem cells. 
Transduced stem cells were subsequently used in bone 
marrow transplantation experimen^ and the long term 

25 vector-mediated expression of &t*adra by various 
hematopoietic cells following transplantation. 

11.1 MATERIALS AND METHODS 

11.1.1. RECOMBINANT RETROVIRUS VECTORS AND 



All recombinant retrovirus constructs but the a< 
SGC vector are based on the retroviral vector MFG 
(MFG/Mo-LTR) described supra, and depicted in Figure 
11A. All new structures generated were verified by 
DNA sequencing. Retroviral producer cell lines were 
generated by co-transf ecting each retroviral plasmid 
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with the plasmid pSV2-Neo into the amphotropic 
packaging cell line V CRIP as previously described 
(Danos and Mulligan, 1988, Proc. Natl. Acad. Sci. USA, 
.85:6460-6464). Cell-free supernatant was harvested 
5 after 10 days of selection in the presence of G418 at 
1 mg/ml (Gibco BRL, Grand Island, NY) and used to 
infect ^ CRE cells. An a^-SGC producer was isolated 
after direct transfection into CRE cells. Twenty five 
clones per vector obtained by limiting dilution were 

10 screened for high-titer by Southern blot analysis. 
Titration was performed by infecting 5xl0 5 NIH 3T3 
cells with 0.5 ml of a 24 hours supernatant from the 
virus-producing clones in the presence of 8 jug/ml of 
polybrene (Sigma Chemical Co., St Louis, MO). Genomic 

15 DNA was extracted for Southern blot analysis to 

quantitate the number of proviral copies integrated in 
the target population. To verify the presence of the 
B2 mutation in the selected virus-producer cell lines 
and its transmission to infected 3T3 cells, PCR 

20 primers corresponding to Mo-MuLV nucleotides 72-92 and 
470-490 were used to amplify a fragment of 400bp which 
was then sequenced (fmol™ DNA Sequencing System, 
Promega, Madison, WI) . Supernatants from ^ CRE virus- 
producing cells and plasma from transplant recipients 

25 were tested for the presence of replication-competent 
virus based on a mobilization assay (Wilson et al. , 
1990, Proc. Natl. Acad. Sci. USA 87 : 439-443 ) . In our 
study, the assay was modified to detect recombinant 
retroviral genomes expressing Salmonella, typhimurim 

3 0 histidinol dehydrogenase as described (Hartman and 
Mulligan, 1988, Proc. Natl. Acad. Sci. USA 85:8047- 
8051) . 

Genomic DNA was prepared as described (Seif et 
al., 1991, Methods Mol. Cell. Biol. 2:216-217) and 
35 digested with Nhe I or Ecll3 6 II (for proviral 
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structure) and Nco I or Bam HI (for proviral 
integration patterns) . Hybridization filters were 
probed with a 721 bp 32 p- labeled BamH T-Bgl II 
fragment of the hADA cDNA (Multiprime DNA labeling 
5 system, Amersham) . The copy numbers were determined 
on a Phosphor imager (Fuji Bio-Imaging, Fuji Medical 
Systems, Stamford CT) relative to the intensity of 
bands generated in a cell line infected with a single 
copy of the provirus. To account for uneven loading, 
10 the band signal was normalized to the murine 
endogenous ADA band. 

11.1.2. TRANSDUCTION OF MURINE BONE MARROW CELLS 
WITH RECOMBINANT RETROVIRAL VECTORS AND 
TRANSPLANTATION OF TRANSDUCED CELLS INTO 
15 MICE 

Bone Marrow (BM) cells were obtained from the 

tibias and femurs of C57BL/6J male mice as previously 

described (Wilson et al. , supra) (Jackson 

Laboratories, Bar Harbor, ME) , 6 days after 

2 0 intravenous injection of 150 mg/kg body weight of 5- 

f luorouracil . Transduction was achieved by 
coculturing BM cells for 48 hr on a monolayer of ^ CRE 
producers in the presence of 10% (vol/ vol) WEHI-3B 
supernatant and 4 jug/ml polybrene. Nonadherent cells 
25 were harvested and 2xl0 5 to 4.5xl0 6 viable cells per 
mouse were injected via the tail vein into total body 
irradiated (11 Gy) syngeneic female hosts. 
Transplanted mice were sacrificed 12 to 14 months 
after transplantation and samples of peripheral blood, 

3 0 EM, spleen, spleen-derived B and T lymphocytes, and 

BM-derived macrophages were analyzed for the presence 
of provirus and enzyme expression, B and T cells were 
harvested after 72 hr stimulation with 10 fAq/ml of 
lipopolysaccharide (LPS) and 2 jLtg/ml of Concanavalin A 
35 (Sigma) , respectively- More than 85% of cells were B 
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or T lymphocytes as determined by FACS analysis. BM 
cells were cultured in medium containing 2 0% 
(vol. /vol,) of L929 cell supernatant. More than 95% 
of cells harvested after 10-11 days were macrophages 
5 as determined by morphological analysis. 

11.1.3. ADENOSINE DEAMINASE ASSAY 

Isozyme-specif ic activity was detected in cell 
lysates by nondenaturing isoelectric focusing (IEF) 

10 (Multiphor II, Electrophoresis system, Pharmacia LKB, 
Piscataway, NJ) as described (Wilson et al. , supra). 
Total protein concentration was determined for each 
sample using the Bio-Rad protein assay (Bio-Rad, 
Melville, NY) . Fixed amounts of total protein were 

15 loaded on the IEF gels (3 00 jug for peripheral blood 
cells (PBC) , 150 fig for BM, 120 fig for spleen, 
macrophages and B lymphocytes, 7 5 fig for T 
lymphocytes) . After 12 minutes of staining reaction, 
the gels were fixed and the color imetric intensity of 

2 0 each band was quantified using a computerized 

densitometer (Computing Densitometer, Molecular 
Dynamics, Sunnyvale, CA) . 

11.2. RESULTS 
2 5 11.2.1. GENERATION OF RECOMBINANT RETROVIRUSES 



Insertion of the human ADA sequences into the MFG 
retroviral vector was performed so as to position the 
initiation ATG codon of the ADA cDNA at the position 
in the subgenomic viral transcript identical to that 
normally occupied by the viral envelope ATG. No 
selectable marker exists in the vector. Studies by 
Bowtell and co-workers (Botwel et al., 1987, Mol. 
Biol. Med. 4:229-250; Botwell et al., 1988, J. virol. 
62:2464-2473) and Ostertag (Beck-Engeser et al., 1991, 
Hum. Gene Therapy 2: 61-70; which demonstrated the 
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transcriptional activity of the myeloproliferative 
virus (MPSV) LTR in vectors. We generated derivatives 
of MFG-ADA which possessed either the enhancer of MPSV 
(positioned in the 3' MoLV LTR) or both 5' and 3 ' 
5 MoMLV LTRs in place of the Mo-MLV LTRS . In addition, 
previous studies have suggested the potential novel 
properties of the Moloney Friend Virus enhancer 
sequences (Holland et al., 1987, Proc. Natl, Acad, 
Sci. USA 84:8662-8666; Bosze et al f 1988, EMBO 5: 

10 1615-1623; Thiesen et al, 1988, J. Virol, 62 : 614-618) , 
Accordingly, MFG-ADA derivatives were generated with 
Mo-MLV enhancer sequences replaced by analogous Friend 
enhancer sequences. We also generated derivatives of 
MFG-ADA and the MPSV LTR containing derivative of MFG- 

15 ADA MPSV enhancer sequences which carry a mutation in 
the viral tRNA primary binding site, designated B2 
(Barklis et al. , 1986, Cell 47:391-397; Weiher et al. , 
1987, J. Virol. 61:2742-2746). Lastly, to provide a 
comparison of LTR-based vectors and vectors which 

2 0 employ internal promoters for expression of inserted 
genes, we generated aSGC— ADA. This vector utilizes a 
hybrid transcriptional element comprised of the human 
a globin promoter and CMV enhancer sequences and 
carries a deletion of enhancer sequences in the 3 'LTR. 

25 The precise structure of each of the above constructs 
is described in Section 11.1,1., supra. 

All of the above vectors were packaged in the 
^CRE packaging cell line. For each vector, 
approximately 2 5 cloned packaging cell lines were 

30 tested for virus production, and the specific cell 

line that transmitted the correct proviral structure 
at the highest copy number was selected by Southern 
blot analysis for future use. To select virus- 
producer cell clones for the MO-LTR/B2 and MPSV-Enh/B2 

35 constructs, which have retained the B2 mutation and 
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are capable of transmitting it to NIH 3T3 cells, we 
amplified by PCR and sequenced a 400 bp fragment 
encompassing the B2 mutation in both producer and 
infected cells. The mutation was represented in half 
5 to one fourth of the virus-producer cell clones and in 
those cases in which it was present in producer cells, 
it was shown to be transmitted to target cells. After 
PCR analysis of 5 to 7 clones for each of the 2 
constructs, high-titer clones were identified. 

10 A Southern blot of DNA isolated from NIH 3T3 

cells infected with virus obtained from selected 
producer clones representing each vector is shown in 
Figure 11C. The data indicate that the correct 
proviral structures are in all cases transmitted to 

15 cells at high efficiency. The transmission efficiency 
of all viruses for transduction of NIH 3T3 cells was 
in a range of 0.7 to 3.6 copies of provirus per cell. 
These virus-producing clones were used to perform the 
experiments described in Sections 11.2.2. and 11.2.3., 

2 0 infra . 

11.2 .2. DETECTION AND QUANTITATION OF HUMAN 

ADENOSINE DEAMINASE ACTIVITY IN RECOMBINANT 
MF6-ADA VECTOR— TRANSDUCED MURINE BONE MARROW 
TRANSPLANT RECIPENTS 

25 To investigate human adenosoine deaminase (huADA) 

expression in cells derived from transduced 
hematopoietic stem cells in vivo, mice were 
transplanted with 2.5 x lO 5 to 4.5 x 10 6 BM cells that 
had been co-cultured with recombinant virus producing 

30 cells as described in Section 11.1.2., supra. Fifteen 
to eighteen mice were transplanted per construct. A 
first step in assessing vector mediated gene 
expression involved the analysis of huADA enzyme 
activity in the peripheral blood cells (PBC) of 

35 reconstituted animals 5-7 months after transplantation 
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using the assay described in Section 11.1.3., supra 
(Figure 12) . In this assay, human ADA activity can be 
readily separated from the murine ADA activity and the 
relative levels of the two activities can be estimated 
5 by densitometry measurements of the intensity of 
labeled in situ reaction products. This assay 
generates signals proportional to the amount of enzyme 
activity. 



10 the recombinant MFG-ADA vectors, 90 out of 9 3 

transplanted animals expressed huADA. In 83% of those 
transplanted animals (77/93) , the level of expression 
of huADA was equal to or greater than the level of 
endogenous murine ADA (mADA) expression. In 14% of 

15 these mice (13/93) , the levels of huADA were in the 
order of 1/4 to 3/4 of the murine ADA. Only 3% of, 
the animals (3/93) did not express the huADA at a 
detectable level. In mice reconstituted with the aG- 
SGC-infected cells, only 4 mice out of 11 expressed 

2 0 huADA at levels close to the the murine enzyme and 6 
at much lower levels (Figure 12) . The small 
percentage of mice which express huADA from this 
vector is probably due to the low copy number of 
provirus detected in the tissues of these animals. 

25 Based on the average ratio of human to murine activity 
observed from mouse to mouse in these studies, the 
data suggest that the MFG— ADA derivative which 
utilizes the MPSV LTRs rather than Mo-MLV LTRs yielded 
moderately more enzyme than the other constructs 

30 (about 2 f old) . However, this data does not take into 
account potential differences in proviral DNA copy 
number . 

11.2.3. LONG-TERM IN VIVO EXPRESSION OF HUMAN 



In mice repopulated with cells transduced with 



35 
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CELL LINEAGES FOLLOWING BONE MARROW 
TRANS PLANT AT I ON 



Based on the high frequency of bone marrow 
transplant recipients which demonstrated significant 
gene expression in the peripheral blood seven months 
after bone marrow transplantation, a smaller number of 
animals were further examined for vector expression in 
a number of different hematopoietic cell types at much 
longer times after transplantation (greater than one 
year) . A first step in these studies was to reanalyze 
the mice previously analyzed for enzyme expression in 
peripheral blood . As is shown in Figure 12B, 
comparison of the relative amounts of human and mouse 
enzyzmes at the two time points (shown below each IEF 
gel track) indicates that little if any significant 
decrease in huADA expression occurred over time. As 
shown in the boxes labeled with the different vectors, 
approximately 80% of the expression observed at 7 
months persists after one year. In mice engrafted 
with aSGC— ADA treated cells, a slightly more 
significant decrease in expression was observed. 

In the next series of experiments, expression of 
huADA in different hematopoietic cell types was 
examined by fractionating each cell population and 
quantitating enzyme activity and proviral copy number. 
This analysis included 3-5 animals engrafted with 
cells transduced by either (i) MFG— ADA ; (ii) MFG— ADA 
(+B2) ; (iii) MFG-ADA( Friend enhancer); (iv) MFG -ADA 
(MPSV-LTRs) ; or, (v) ot— SGC— ADA. The cell populations 
subjected to enzyme and DNA analysis included whole 
bone marrow, whole spleen, and fractionated 
macrophages, T lymphocytes, and B lymphocytes. A 
compilation of all the data obtained, expressed in 
several different ways, is shown in Figure 13. Panel 
A displays data representing individual mice, while 
other panels represent average values. 
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Collectively, the data may be summarized as 



follows: 



5 



1 . Average proviral copy number achieved by 
different viruses: 

Figure 13, panel C, shows that a significant 



proportion of the different hematopoietic cell 
populations carry proviral sequences even at over one 
year post-transplantation. With the exception of the 
a— SGC— ADA animals, where fewer cells appear to carry 

10 provirus, each of the other vectors yielded comparable 
proviral copy numbers (0.2-0.7 copies/cell) in all 
lineages. The error bars illustrate that there is, 
however, significant variation in proviral copy number 
from mouse to mouse. It is possible that specific 

15 transduced stem cell clones contribute unequally to 

different lineages, causing the observed variations in 
copy number . 



indicate that on average there is a remarkably similar 
level of gene expression attained in the different 
hematopoietic cell lineages by the different vectors. 
This conclusion is quite important, for it suggests 

25 that the vectors examined do not, to any great extent, 
exhibit tissue specificity of gene expression, and 
therefore may well be useful for a variety of 
applications in which expression is required in a 
specific cell lineage, yet permissible in other cells. 

30 The results presented in Figure 13, panels B and 

D, demonstrate that while all vectors yield gene 
expression in different hematopoietic cell lineages, 
both the MoLTR— B2 and the MPSV-LTR derivatives of MFG— 
ADA appear to yield greater levels of gene expression 

35 in most lineages in relation to the parental MFG-ADA 



20 



2 . Average expression levels of huADA achieved 
by different viruses: 

The results presented in Figure 13, panel D, 
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vector. Because of the significant variation in 
expression levels from mouse to mouse, and the 
relatively small number of animals examined, it was 
important to provide statistical analysis of the data, 
5 As shown in panels B and D of Figure 13 , the bars 
marked with an asterisk indicate values that are 
statistically significant relative to values for the 
parental MFG-ADA vector. This data indicates that 
only the B2 and MPSV LTR derivatives show significant 

10 differences in expression in relation to the MFG-ADA 
vector. In the case of the B2 vector, significance 
could not be established for the T lymphocyte lineage, 
due to the wide variation in expression levels 
observed from mouse to mouse. Similarly, statistical 

15 significance could not be established for the 

macrophage lineage in the case of MPSV-LTR derivative 
of MFG-ADA. 

Another useful way to express the data provided 
in Figure 13, panel A, is to consider the levels of 

2 0 expression in each lineage per mg protein, rather than 
per proviral copy number per mg protein. This 
representation of the data is perhaps most relevant to 
an assessment of the overall performance of each 
vector, since it takes into account both the inherent 

25 expression potential of the vector and the ability of 
the vector to transduce cells. Interestingly, because 
of the comparable proviral copy numbers achieved by 
each vector (except for the aSGC-ADA vector) , the data 
in Figure 13, panel D, is quite similar to that 

30 represented in panel B. Again, statistically 

significant differences in gene expression relative to 
MFG-ADA mouse were observed with both the B2 and MPSV- 
LTR vectors. In contrast to the data provided in 
panel B, expression of the B2 vector in macrophages 



35 
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was not significantly different than that achieved by 
MFG-ADA . 



10 



12. EXAMPLE: MFG VECTOR DERIVATIVES 
WITH IMPROVED SAFETY FEATURES 

The MFG-S vector is a derivative of the MGF 

vector that was designed to even further minimize the 

possibility of the formation of replication-competent 

virus through homologous recombination events. 

Specifically, MFG retains two intact overlapping open 

reading frames ("ORFs" ) that encode the amino terminal 

portion of both the cell surface and cytoplasmic gag- 

pol polyproteins. These ORFs provide a target region 

for recombination events with viral structural coding 

15 sequences present in the packaging cell line which 

could lead to the formation of replication-competent 

virus. In order to minimize this already remote 

possibility, the MFG-S vector was constructed so that 

three specific mutations have been introduced into the 

20 viral gag region to disrupt the ORFs and thereby 

minimize any possibility of the expression of either 

cell surface or cytoplasmic gag-related polypeptides 

of any appreciable size. 

The specific mutations to the MFG retroviral 

25 vector to produce the MGF-S retroviral vector are 

shown by direct comparison of the MFG and MFG-S DNA 

sequences in Figure 14. These are an A to T change at 

nucleotide 12 56 and a C to T mutation at nucleotide 

1478. These mutations create stop codons downstream 

30 from the initiation codons for the cell surface or 

cytoplasmic gag polypeptides and reduce the 

corresponding gag-related ORFs to 84 and 15 

nucleotides, respectively. A third mutation was 

engineered into the DNA sequence which changes a T to 

35 an A at nucleotide 1273. This change does not effect 

the ORF but is a compensatory change that preserves 
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the potential for base pairing with nucleotide 1252 
preserving a stem loop that is theoretically important 
for the packaging function. 

The salient features of the MFG-S retrovirus and 
5 their location by nucleotide position are listed in 
Table II below. 



TABLE XI 



10 



20 



FEATURE 


NUCLEOTIDE POSITION 


5' - murine flanking sequences 


1-396 


U3 region of 5' - LTR 


397-845 


RNA cap site 


846 


R region of 5' - LTR 


846-913 


U5 region of 5' — LTR 


914-990 


Primer binding site 


991-1007 


Splice donor site 


1048-1052 


Start codons for cell surface 
gag ORF 


117 2-1174 , 1202-12 04 


Start codon for cytoplasmic gag 
ORF 


1466-1468 


MFG-S base pair substitutions 


1256, 1273, 1478 


Splice acceptor site 


1983-1991 


Nco I restriction site 


2276-2281 


Bam HI restriction site 


2285-2290 


U3 region of 3' - LTR 


2429-2877 


R region of 3' - LTR 


2878-2945 


Polyadenylation signal 


2923-2929 


U5 region of 3 ' - LTR 


2946-3022 


3 ' - mouse flanking sequences 


3023-3718 



Figure 15 shows the structural features of the MFG-S 
retroviral vector. The MFG-S vector consists of the 
following parts: (1) a Mo-MuLV DNA fragment containing 
the 5 ' LTR and downstream sequence extending to the 
35 Nar I site at nucleotide position 1039 (Nar I was 

PEMP-23267.1 



m * 

- 59 - 



converted to Nde I site) ; (2) a Smal linker at 
nucleotide position 62 6 of the retroviral sequence; 
(3) a Mo-MuLV DNA fragment extending from the Nde I 
site at position 5401 to an Xba I site at nucleotide 
5 position 5674; (4) a synthetic double-stranded DNA 
fragment containing an Nco I site 

(CTAGACTTGCCATGGCGCGATC) ; (5) a Mo-MULV fragment 
extending from the Cla I (converted to a Bam HI site) 
site at nucleotide position 7672 through the 3' LTR; 

10 and (6) pBR322 bacterial plasmid sequences. 

Nucleotide substitutions were made at position 1256, 
1273, and 1478 of the Mo-MuLV sequence in the MFG-S 
vector. These nucleotide positions are relative to 
the Hind III site of the vector (see complete 

15 nucleotide sequence of MFG-S in Figure 17) . The 

proviral transcription unit of MFG is flanked by 39 6 
nucleotides of mouse genomic sequences on the 5' end 
and 697 nucleotides on the 3' end. cDNA sequences can 
be inserted between the unique Nco I and Bam HI sites. 

2 0 The flanking mouse genomic and proviral sequences are 
cloned between the Hind III and Eco RI sites of 
pBR322. The Bam HI site in pBR322 was eliminated. 

Figure 16 provides a circular restriction map of 
the MFG-S vector. Figure 18 provides a restriction 

25 map of the MFG vector in table form. 

13. BIOLOGICAL DEPOSITS 

On October 3, 1991, Applicants have deposited 
with the American Type Culture Collection, Rockville, 

30 Md., USA (ATCC) the plasmid MFG with the factor VIII 
insertion, described herein ATCC accession no. 6872 6, 
plasmid MFG with the tPA insertion, described herein, 
given ATCC accession no. 68727, the plasmid a-SGC, 
described herein, with the factor VIII insertion, 

35 given ATTC ascession no. 68728, and plasmid a-SGC with 
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the tPA insertion, described herein, given ATCC 
accession no. 68729. On October 9, 1991, Applicants 
have deposited with the American Type Culture 
Collection, Rockville, MD, USA (ATCC) the plasmid MFG, 
5 described herein, given ATCC accession no. 68754, and 
plasmid a-SGC, described herein and given ATCC 
accession no. 68755. These deposits were made under 
the provisions of the Budapest Treaty on the 
International Recognition of the Deposit of 

10 Microorganisms for the purposes of patent procedure 
and the Regulations thereunder (Budapest Treaty) . 
This assures maintenance of a viable culture for 3 0 
years from date of deposit. The organisms will be 
made available by ATCC under the terms of the Budapest 

15 Treaty, and subject to an agreement between Applicants 
and ATCC which assures unrestricted availability upon 
issuance of the pertinent U.S. patent. Availability 
of the deposited strains is not to be construed as a 
license to practice the invention in contravention of 

2 0 the rights granted under the authority of any 
government in accordance with its patent laws. 

Those skilled in the art will recognize, or be 
able to ascertain using no more than routine 
experimentation, many equivalents to the specific 

2 5 embodiments of the invention described specifically 
herein. Such equivalents are intended to be 
encompassed in the scope of the following claims. 

All patent, patent applications, and publications 
cited herein are hereby incorporated by reference. 
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